COLUMBI A RIVER STOCK | DENTI FI CATI ON STUDY:
VALI DATION OF GENETIC METHOD

by
George B. MlIner, David J. Teel, Fred M Uter,

and

Curtis L. Burleyl/

Final Report of Research (FY80)
Fi nanced by
Bonneville Power Adm nistration
(Contract DE-A179- 80BP18488)

and

Coastal Zone and Estuarine Studies Division
Nort hwest and Al aska Fisheries Center
National Marine Fisheries Service
National Cceanic and Atnospheric Admnistration
2725 Montl|ake Boul evard East
Seattle, Washington 98112

June 1981

1/ US Fishand Wldlife Service, 9317 H ghway 99, Suite 1, Vancouver,
Washi ngt on 98665.



CONTENTS

ABST RACT o oot
INTRODUCTT ON. .« oot e
APPROACH. . ..o
METHODS . . .ot
Concept of the Genetic ldentification Method.....................
Bl eCtrophoreSi S . oo
Maxi mum Li kel ihood AnalySis ... ...t
Baseline Data....... ..o
Blind Sanples A, B, C and D....... ... ..o
Rel ationship of Calculated to Cbserved Standard Deviation........
Accuracy and Precision: An Effect of Potential Contributors.....
Lower Colunbia GIIl-Net Fishery: A Field Test ...................
Time and Cost Study........ccoiiii
RESUL TS . o
Blind Sanples A, B, C, and D........ ... ...
Rel ationship of Calculated to Actual Standard Deviation..........
Accuracy and Precision: An Effect of Potential Contributors.....
Lower Colunbia Spring Chinook GIlI-Net Fishery...................
Tinme and Cost Estinmates for Hypothetical Application.............
DESCUSSE ON. & oo e e e e e e e e e e e e
LITERATURE CITED. . . . . o i e e e e e e e e e e e
APPENDI X A

APPENDI X B

Page



ABSTRACT

The reliability of a method for obtaining maximum |ikelihood estinates
of conponent stocks in mxed popul ations of salnonids through the frequency
of genetic variants in a mxed population and in potentially contributing
stocks was tested in 1980. A data base of 10 polynorphic loci from 14
hat chery stocks of spring chinook sal mon of the Colunbia River was used to
estimate proportions of these stocks in four different "blind" mxtures
whose true conposition was only reveal ed subsequent to obtaining estinates
The averaged differences of estimated and actual values of the 14 stocks in
the four mxtures ranged from0.9 to 7.4% the precision of the estimtes
(neasured by calculated standard deviations) ranged from 2.1 to 9.1% Both
accuracy and precision tended to inprove when geographic groupings rather
than individual stocks were considered, and dropped to a mean difference of
2.3% and a standard deviation of 1% when only two groups (stocks above or
bel ow Bonneville Dan) were considered. The accuracy and precision of these
blind tests have validated the genetic nethod as a val uabl e means for
I dentifying conponents of stock mxtures.

Properties of the genetic method were further examned by sinulation
studies using the pooled data of the four blind tests as a mxed fishery.
Replicated tests with sanple sizes between 100 and 1,000 indicated that
actual standard deviations on estimated contributions were consistently
| ower than calculated standard deviations; this difference dimnished as
sanpl e size increased. Both the accuracy and precision of estimates of a
mxture involving two popul ations were greatest when only those two
popul ations were included in the data base; the best estimates froma data

base of all 14 populations were for that stock that was genetically nost



distinct fromthe remainder of the group.

Estimates of 87% above and 13% bel ow Bonneville Dam were nmade on a
sanple of 123 fish collected in Astoria, Oegon, following a 24-hour wnter
fishery. The noderate precision of this estimate woul d have increased wth
a larger sanple size and an a priori reduction in the presumed conplexity
of the fishery.

Costs of $10.29 per fish were estimated for sanpling, analyzing, and
estimating the stock conposition of a mxed fishery sanple of 500 fish if a
turnaround tine of 24 hours fromlanding of fish to obtaining estimtes
were required. These costs would be reduced if a longer time interval were
perm ssibl e.

It is recommended that future applications of the method be preceded
by sinulation studies that will identify appropriate [evels of sanmpling
required for acceptable levels of accuracy and precision. Variables in
such studies include the stocks involved, the loci used, and the genetic

differentiation among stocks.



| NTRODUCTI ON

Management of mxed stock fisheries based on their stock conpositions
I's necessary if depressed runs are to be protected while abundant runs are
being exploited. The genetic method of stock identification has attributes
that make it a uniquely valuable source of information for such management
The nethod uses naturally occurring genetic differences to distinguish
stocks and is therefore equally applicable to the identification of both
w | d and hatchery stocks. These identifying genetic characters remain
constant throughout the life of an individual; thus the method can be used
at any stage of the life-cycle of anadromous fish.  The method features
rapid and inexpensive |aboratory analysis. Appropriate applications of the
method can therefore provide management information that is both tinely and
cost effective

The genetic identification method was devel oped in a cooperative
project between the U S. Fish and Wldlife Service (USFW5) and the National
Marine Fisheries Service (NVFS), and was funded by the Bonneville Power
Administration (BPA). The project was started in 1976 based upon
previously devel oped techniques for detecting sinple genetic variation in
protein nolecules (see Utter et al. 1974 for a review of early uses of
these techniques in the study of fishes). Two early goals of the project
Vier e: 1) to develop a statistical nmethod to use genetic data for
estimating the conposition of mxed stock fisheries and 2) to conpile a
data base of genetic variation among chinook salmon and steel head stocks
for use in the analysis of mxed fisheries involving stocks of the Colunbia
River drainage. These goals have been achieved (Mlner, Teel, and Uter

1980).



The continuing project goal is to provide a stock identification
nethod that will be used by managers of Colunbia River salnon and steel head
resources. For the nethod to bhe widely accepted and applied, users of this
management tool nust first have confidence that it is reliable. Therefore,
one major objective of work in 1980 was to demonstrate in a controlled test
that the method works.

Practicality is a second condition which nust be met if the nethod is
to be widely used. Therefore, the second najor objective of work in 1980
was to apply the nethod to actual and sinulated Colunbia River fisheries to
study the factors which determine the practicality of a specific

appl i cation.

APPROACH

A blind test was conducted in cooperation wth the USFWS to
demonstrate  the reliability of the genetic identification nethod.
Personnel from USFWS conposed four test mxtures of juvenile fish from 14
Col unbia and Snake River stocks of spring chinook salmon. These stocks are
representative of both the geographic and genetic structures of spring
chinook salmon in the Colunbia Rver drainage. The  proportional
contributions of the stocks were different in each test mxture. The four
test mxtures, then, sinulate four different spring chinook fisheries in
the [ower Colunbia River. NVFS el ectrophoretical ly analyzed the blind
sanples and estimated their stock conpositions. Only then, did USFW6
reveal their actual conpositions for conparison with the estinates.

In addition to the blind sanple study, the conpositions of actual and
simulated fisheries were estimated to study factors which affect the

practicality of the nethod. As with any nethod of estimating the



conposition of mixed fisheries--whether it uses coded-wire tags, scale
differences, or genetic differences to distinguish stocks--three variables
determne the practicality of a potential application:

1) The sanple size required for the given degree of accuracy and |eve
of confidence of the estimte

2) The interval of time fromthe sanpling of the fishery until the
estimation of its conposition.

3) The cost of the application.
The practicality of each potential application nust be evaluated on these
three criteria before the method can be inplemented

To provide potential users with an understanding of this evaluation
process, factors directly affecting sanple size requirenents of the genetic
method are discussed in this report. In addition, data gathered throughout
FY80 were used to study the cost of applying the method and the tine

required to provide estimtes.

METHODS
Concept of the CGenetic ldentification Method
The genetic identification nethod is based on electrophoretically
detected genetic variation (MIner and Teel 1979; Mlner et al. 1980).
First, estimtes of genotype frequencies are obtained for major stocks that
could contribute to a specific fishery; these data are referred to as
baseline data. Genotype frequencies are also obtained from a sanple of the
m xed fishery. The two sets of genotype frequencies are then used to
obtain maxi mum | i kelihood estimtes of the proportional contributions of

the stocks to the mxed fishery.



El ect rophoresis
Genetically controlled protein variation was detected by starch gel
el ectrophoresis coupled with histochemcal staining [for details on the
procedures see May (1975) and MlIner et al. (1980)J. El ectrophoresis was
performed on liver, heart, skeletal nuscle, and eye extracts from whole

fish sanples.

Maxi mum Li kel i hood Anal ysis
The maximum likelihood estimates of percent contributions were

obtained using the EM algorithm (Denpster et al. 1977),

g
o, = Yy %y :Jx 5
3 (in) (j iy
1=1
where yi (I =1, 2,..., g) = nunber of fish in the mxed fishery sanple

having the ith genotype.

8y (3 = 1, 2,..., n) = proportion of the mxed fishery fromthe
jth stock.

N) T frequency of the ith genotype in the jth stock contributing to
the mxed fishery.

The estimates are obtained by the followng stepw se procedure:

1) 6*§ values are obtained through initially solving the equation
by assigning arbitrary values to 8,.

2) A new set of e*, 1s then obtained by substituting the

equati on.

3) Steps 1 and 2 are repeated until the successive values of ©*j
conver ge.



The fornula used to calculate the variance (V) of the M. estimte was:

g
1 = > YooK - Yy Ak - i
Vejk i=1 i_l ril :I 2; k=1, 2, ..., n stocks.
B X..8, + X (1- < 0.)
j i3] in ] j

where all terms of this expression are defined as above.l/

Basel i ne genotype frequencies (Xi;) were considered fixed constants.
Therefore, variances calculated with the fornula gi ven above do not include
variation associated with the estimtes of baseline genotype frequencies.
To include this source of variation in the calculations would be too
difficult and costly to be practical. Rather, it is better to mnimze
this source of variation by using adequate sanple sizes for estimating the

basel i ne genotype frequencies.

Basel ine Data

USFW5 col l ected and inmedi ately froze 200 spring chinook from each of
the follow ng Colunmbia River hatcheries: Rapid River (RR), Kooskia (KO,
Leavenworth (LW, Round Butte (RB), Warm Springs (Ws), Klickitat (KT),
Little Wiite Salmon (LS), Carson (CA), Qakridge (OR), MKenzie (M), South
Santiam (SS), Eagle Creek (EC), Kalanma (KA), and Cowitz (CO (Figure 1).
These sanples were shipped to the genetics |aboratory at the NWMFS
Manchest er Marine  Experimental Station, Manchest er, Washi ngt on, for
el ectrophoretic analysis. Data from 10 | oci were obtained fromthese
sanmpl es and were used as baseline data in the analyses of the blind tests

and sinmulated mixed fisheries (Appendix A).

1/ This is a correction of the fornula given in Mlner and Teel (1979) and
in MlIner et al. (1980).
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Figure 1.--Spring chinook salmon stocks used in blind test demonstration
(abbreviations are defined in the text).



Blind Samples A, B, C and D

As nentioned previously, USFW5 also collected and froze additional
fish fromthe 14 hatcheries. Fromthese, four sanples with different
conpositions were constructed (see Appendix B).  The actual proportions of
the contributing stocks were not known by NWFS personnel. The four m xed
sanpl es were shipped to Manchester and el ectrophoretically assayed for the
same 10 polynorphic loci as the baseline sanples. Estimates were made of
the percent contribution of each stock and each geographic group of stocks
to the four blind sanples. USFWS then reveal ed their actual conpositions

for conparison with the estimates.

Rel ationship of Calculated to Cobserved Standard Deviation

A study was conducted to determne how standard deviations obtained
fromthe formula for calculating variances conpared with actual standard
deviations. The conposition of the fishery obtained by combining all four
blind sanples was estimated from 10 or more random sanples of 100, 200,
500, and 1,000 individual-s. Ratios of the calculated standard deviations
to the observed standard deviations were calculated for 14 stocks and 5
groups of stocks for each sanple size. The relationship of these ratios to

sanpl e size was exam ned.

Accuracy and Precision: An Effect of Potential Contributors
Two fisheries (A and B) were sinulated to denmonstrate that the
accuracy and precision with which a stock is estimted depends upon which
other stocks are believed to be potential contributors. The actual

conposition of both fisheries was defined to consist of only two stocks



(Kooskia and Rapid River). The percent contribution of each of these
stocks was approximately equal in both fisheries.

It was assumed that 14 stocks could potentially contribute to Fishery
A but only two stocks to Fishery B. Therefore, the conpositions of the two
fisheries were estimated using the 14 stock baseline (including KO and RR)

for Fishery A and a two stock baseline (KO and RR) for Fishery B.

Lower Columbia GII-Net Fishery: A Field Test

On 27 and 28 February 1980, a brief commercial fishery on the spring
chinook salnon run of the lower Colunbia River provided an opportunity to
field test the method. The field test was necessary to collect tinme and
cost data as well as to gain valuable experience in applying the method to
an actual fishery.

Personnel from Washington State Department of Fisheries (WDF) and
Oregon Departnent of Fish and Wldlife (COFW provided a list of |icensed
buyers which historically processed the greatest nunber of fish and al so
were cooperative with previous sanmpling efforts. The follow ng buyers were
contacted and granted permission to the NWFS sanpling crew to take tissue

sanpl es from their chinook sal mon:

Astoria Fish Factors Inc. Astoria, Oregon
Astoria Seafood Astoria, Oregon
Barbey Packing Corp. Astoria, Oregon
Bunbl e Bee Seaf oods Astoria, Oregon
Josephson' s Snokehouse & Dock Astoria, Oregon
Chi nook Packing Co. |l waco, Washington
Jessie's Ilwaco Fish Co. |l waco, Washington
Wi tney Fidalgo Seafoods Inc. Seattle, \ashington



ODFW and WDF estimated a total catch of 305 chinook salmon in the 24-
hour fishery.  The NWFS crew sanpled 123 of the fish.  Heart and liver
tissues were taken as the fish were dressed at the dressing stations.
Sanpling of eye and skeletal nuscle tissues was not permtted by the
buyers.

The 123 sanples were imediately frozen and shipped to Manchester for
el ectrophoretic analyses. The use of heart and liver tissues allowed the
col lection of data for nine polymorphic loci. Al Colunbia and Snake River
spring chinook stocks were considered to be potential contributors to this
fishery.  Therefore, the baseline used included the conplete set of stocks
(Table 1) for which data for the nine polynorphic |oci were available.
Estimates of the conposition of the fishery were made and the interested

managenent agencies informed.

Time and Cost Study

To provide guidelines for estimating the turnaround time and cost of
potential applications, a tinme and cost study was conducted throughout
FY80. The data gathered were used to create an exenplary time and cost
schedul e for a hypothetical application of the method.

This exanple was based on the follow ng conditions:

(1) The specific managenment question to be addressed required a
sanple from the fishery of 500 individuals.

(2)  The sanpling was done in dressing stations within 5 hours
shipping time of the genetics |aboratory.

(3) Sufficient nunbers of fish were dressed to allow maxi num

productivity by the sanpling crews.



Table 1.--Baseline Stocks for Wnter Fishery.

SNAKE RIVER

Rapi d River

Kooski a

G ande Ronde

| maha

M d-Fork of the O earwater

UPPER COLUMBIA RI'VER (Above confluence of Snake River):

Leavenwort h
\ienat chee
Twi sp

Enti at

Yaki ma

BONNEVI LLE DAM TO MCNARY DAM

John Day
Round Butte
Vrm Springs
Kl'ickitat
Carson

BELOW BONNEVI LLE (Non-W | lanette River):

Lew s
Kal ama
Cowlitz

WLLAMETTE R VER

Eagle Creek

South Santiam

North Santiam

Dext er

Mddle Fork WIlamette
McKenzi e

10



(4) Trained personnel included:
a. A sanpling crew of six technicians.
b. A laboratory staff of seven technicians.
¢. A conputer technician.
d. A project |eader.
(5) Electrophoretic assays were for the 10 pol ynorphic loci currently
used in mxed fishery analyses of chinook sal mon.
(6) Costs to NMFS were based on the present econony.
The resulting time and cost schedule can provide guidelines for

determning the practicality of a potential application of the method.

RESULTS
The following results, and in particular those of the blind sanple
study, confirm that the genetic identification nethod is an effective neans
for identifying conponents of mixed stocks. However as with any system of

estimation, the estimates are neaningful only when their variation is

consi der ed. Therefore, the estimates presented in this report are
considered, where appropriate, from two viewpoints: accuracy and
preci sion.

Accuracy describes the closeness of an estimate to its true val ue.
Therefore, the difference between the actual and estimated percent
contribution (D) is used to evaluate the accuracy of an estinate.

Precision is concerned with the repeatability of an estimate and is
closely related to variance and standard deviation. In this report, the

standard deviation (SD) of an estimate is used to neasure precision.

11



Blind Sanples AL B, C and D

The results obtained for blind samples A, B, C, and D of the
controlled test demonstration are presented at three levels of detail: (1)
14 stocks, (2) five geographic groups, and (3) two geographic groups (See
Table 2).  These results are shown graphically in Figures 2a-d and are
tabulated in Appendix B. The accuracy of an estimate is indicated by the
distance fromthe circle to the horizontal bar and precision by the length
of the vertical Iine.

These graphs and tabul ated data show that the precision and accuracy
of the estimates varied considerably among the stocks and geographic
groups. Yet it can also be seen that the relative nmagnitudes of the SDs
between stocks and between groups were consistent over the four sanples,
e.g., the estimates for Rapid River were invariably nore precise than those
for Kooskia. Variation in accuracy fits no obvious pattern (as expected
for single point estimates). However, it is noteworthy that 64% of the
estimates were zero and 80% were within 2.3 percentage points when the
actual contribution was zero.

The data presented in Table 3 allows a nmore quantitative evaluation of
the results of the blind sanple study. The average difference in
percentage between the estimate and actual value (D) over the four blind
sanples was 3.4, 3.2, and 2.3%for 14 stocks and five and two geographi cal
groups, respectively. The average D values ranged from0.9 to 7.4% while
i ndividual D values varied from0.0 to 18.4% Larger Ds tended to be
associated with the larger estimated contributions. The nean standard

deviation over the four sanples averaged 4.3, 5.6, and 1.0% and ranged from

12



Table 2. --Stocks and geographic

Abbrevi ation

RR
KO

LW

RB

KT
LS

SS
EC

co

St ock

Rapid River
Kooski a

Leavenwort h

Round Butte

Varm Springs
Klickitat

Little Wite Sal non
Carson

Cakridge
McKenzi e

South Santiam
Eagle Creek

Kal ama
Cowl itz
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SN -

BP -

K C -

groupings of blind sanples.

Geographi ¢ G oup

Snake River

- Upper Col unbi a

(above the confluence
of the Snake River)

AB - Above
Bonnevi |l e
Bonneville Damto
MNary Dam
- Wllanette
BB - Bel ow
Bonnevi |l e
Kal ama/ Cowl itz
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Figure 2a. --Estimated contributions for blind sanples (A) of spring chinook

sal non. Circle = actual contribution, horizontal bar = estimted
contribution, and vertical line = + one standard deviation.



BLIND SAMPLE B' (N=1927)
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Figure 2b. --Estimated contributions for blind sanples (B) of spring chinook
sal non. Crcle = actual «contribution, horizontal bar = estinated
contribution, and vertical line =+ one standard deviation.
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Figure 2c.--Estimated contributions for blind sanples (C) of spring chinook

sal non. Crcle = actual contribution, hori zont al bar = estimated
contribution, and vertical line = + one standard deviation.
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Figure 2d. --Estimated contributions for blind sanples (D) of spring chinook
sal non. Circle = actual contribution, horizontal bar = estimted
contribution, and vertical line = + one standard deviati on.



Table 3.--Estimated contribution, standard deviation of the estinmate, and difference
between actual and estimated contributions averaged over four nixed stock sanples
havi ng known conpositions.

: o Difference between
Esti mat ed Standard deviation actual and estj mated

Contri but or contribution of the estimte contribution Y

Stock (14)

Rapi d River
Kooski a
Leavenwort h
Round Butte
Vrm Springs
Kl'i ckit at
Little Wite Salmon
Carson

Cakri dge
MKenzi e
Youth Santiam
Eagle Creek
Kal ama

Cowl itz

[N

—
NOWRNMN ORI Wo W~

—
gIooNNDOOIkEdJwdhdhoy R~

WP E RO IS I E RO
ROk~ OPRPRRPRPE,DN
PPOWOTNNE P RwWw N
g~ LWOWE I~

Aver age

—~
—~
:l>
w
w
I~

Geographi ¢ group (5)

Snake 21.7 9/3 3.2

Upper Col unbi a 6.1 4.1 3.7

Bonneville Dam to 36.1 10.0 6.0

Nary Dam

W |lanmette 27.6 1.7 1.4

Kal ama/ Cowl i t z -a.3 3.0 17
LveTage 20.0 5.6 3.2

Ceographic group (2)

Above Bonneville 63.9 1.0 2.3

Bel ow Bonneville 36.0 1.0 2.3
Average 49.9 1.0 2.3

I only the magni tudes of the differences were used to caculate these averages.
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2.1-9.1, 1.7-10.0, and 1.0-1 3% for 14 stocks and five and two geographic
groups.

A definite gain in precision relative to estimated contribution size
and a slight gain in accuracy were achieved on the average when the 14
stocks were pooled into geographic groups. Specifically, average
reductions in the ratio of SDto estimted percent contribution (S/E) of
49.8% and in D of 5.9% were obtai ned when the 14 stocks were pooled into
five groups. Wen the five groups were pooled into two groups even greater
average reductions in S/E and in D were obtained. The reduction in S/E was

92.3% and in D 28.1%

Rel ationship of Calculated to Actual Standard Deviation

The ratios of calculated standard deviations to actual standard
deviations (SDY SD,) were calculated from the results of this study.
Figures 3a-d present the ratios for 14 stocks and five groups of stocks
pl otted against the nean estimated contribution for the four sanple sizes.
The ratio was approxi mately independent of conbined effects of contribution
and stock or group of stocks. One exception was at contributions of |ess
than 1% where the ratio was al ways excessively higher than the average.
This indicated that the standard deviation that was calculated by formula
under this condition fails to provide a reasonable approxination of the
true variance. Figure 4 is a plot of the ratio SDJ SD, averaged over
i ndi vidual and geographic groups of stocks as a function of sanple size.
The average ratio ranged from3.0 for N= 100 to 1.3 for N = 1000 and
di spl ayed a sinple linear relationship (r = -0.99) to sanple size when
plotted logarithmcally. Based on this relationship, the two SD s becane

equal (i.e., SJS, = 1.0) when N is extrapolated to 1940.

19
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Figure 3a. --The ratios of formula calculated to actual (observed) standard deviations

plotted against estimted contributions for sanple size 100. The broken horizontal
line indicates the mean val ue (excluding contributions of |less than one percent) of

the ratio.
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Accuracy and Precision: An Effect of Potential Contributors

The results of this study clearly denonstrate that the accuracy and
precision with which a stock is estimated depends upon which other stocks
possibly contribute to the fisheries (Figure 5). D values for Fishery A
(14 potential contributors) were 7.5% for Kooskia and 6.5% for Rapid River.
These val ues were reduced to 1.1% for both Kooskia and Rapid Rivers for
Fishery B (2 potential contributors). The SD for Kooskia for Fishery A was
19.6% and only 3.3%for Fishery B. The SD for Rapid River for Fishery A
was 4.8% and 3.3% for Fishery B.

Lower Colunbia Spring Chinook GII|-Net Fishery

The estimated stock conposition of the spring chinook salmon harvested
in the winter gill-net fishery was 87% from bel ow Bonneville (BB) and 13%
from above Bonneville (AB). WIlamette stocks accounted for an estimated
100% of the BB contribution to the harvest. Col umbi a and Snake R ver
stocks were estimated to have nmade approxinately equal contributions to the
AB harvest.

The reliability or precision of the estimates was |ow due to the small
sanpl e size and to the assumed conplexity of the fishery (24 potentially
contributing stocks); estimated zero contributions were obtained for 18 of
the 24 stocks. This indicates that perhaps the fishery was assuned to be
nore conplex than necessary. If the conplexity could have been reduced,
preferably on an a priori basis, the precision of the estimtes woul d have
been increased. Neverthel ess, a neaningful 68% confidence interval of
72-100 was obtained for the estimated percent contribution of the

Wl lamette stocks as a group.

26



Time and Cost Estimates for Hypothetical Application

Dat a gat hered throughout 1980 was used to create a tine and cost
schedule for a hypothetical application of the method. The conditions of
the hypothetical application are described in the Methods section of this
report. Figure 6 presents the time schedule, and Table 4 presents results
of the cost study.

Cost results were based on the collection and anal ysis of 500 sanples
within a 24-hour period.  The requirenent of an intensive effort by an
experienced staff (one project |eader, seven lab technicians, six sanple
collectors, and one conputer technician) resulted in salaries and overhead
costs totaling $4,156 or $8.31 per fish.  The transportation of sanpling
personnel to and fromthe sanpling site and sanples to the lab, cost $525
or $1.05 per fish.  Mscellaneous supplies cost $465 or $0.93 per fish.
The total cost per fish was $10. 29.

Time results were for the collection, transportation, |ab processing,
and anal ysis of 500 sanples.  Sanple collection is the bagging, |abeling,
and freezing of portions of tissue as the fish are being dressed. An
estimated 3 hours were required by a crew of six technicians to collect the
sanples.  The transportation of the frozen sanples fromthe sanpling site
to the lab required 5 hours. Sanple preparation is the subsanpling of the
tissues and extraction of the proteins. An estimated 4 hours were required
for sanple preparation. Laboratory preparation includes the readying of
all  materials and equipnent and was estimated to take 3 hours.
El ectrophoresis, the technique of assaying for genetically controlled
protein variation, required an estimated 9.5 hours. Data recording is the

nunerical coding of the genetic data and was estimated to take 6.5
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Figure 6. --Exenplary time schedule for a mxed fishery analysis.
(Sanpl e size = 500)
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Table 4.--Cost Estimate for a Mxed Fishery Analysis.

Sal ari es
I Project Leader S 11 605
4 Lab Technicians G 5 330
3 Lab Technicians S 7 350
6 Sanple Collectors G 5 566
1 Conputer Technician S 7 58
Total Base Pay 1,909
Leave Surcharge (16.9% of Base Pay) 323
Subt ot al 2,232
Qvertine 415
Total Direct Labor 2,647

Enpl oyer's Contribution (9.6% of Subtotal) 214
Total Salaries 2,861

Qperations and Supplies

Travel 525
M scel | aneous Supplies 465

Total Qperations and Supplies 990

Support Cost's

SLUC 139

NOAA Support (42.7% Total Direct Labor) 1,130

DOC (0.5% of Total Costs) 26
Total Support 1,295
Estimated Cost $5, 146
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hours. Data processing is the entering of the data into the conputer
system and required an estimated 6.5 hours. Conput er anal ysi s includes
data file management, program execution, and interpretation of the
resulting estimates. An estimated 3.5 hours were required for conputer
analysis. The efficient scheduling of these activities resulted in a total
turnaround time of 24 hours.
Dl SCUSSI ON

The reliability of the genetic identification nethod can be eval uated
by examning the relationship between the precision or repeatability of the
estimates and the anount of genetic difference between stocks. Because the
method uses genetic differences between stocks to estimate their
proportions in mxtures, stocks that are nore different than others shoul d
be estimated nmore precisely.

There is, in fact, considerable variation in the amount of genetic
di fference between the 14 stocks used In the blind sanple study. These
genetic differences [we use Nei's (1974) neasure] have occurred naturally
and as expected often parallel the geographic structure of the river
system  For exanple, the Rapid River stock is of Snake River origin and
very different from the other 13 stocks. The average genetic simlarity
between Rapid R ver and the other stocks i s 0.975. In contrast, the
Oakridge, MKenzie, South Santiam and Eagle Creek stocks of the WIllanette
River have a higher average genetic simlarity of 0.996.

However, sone deviations fromthis parallel genetic and geographic
structuring has resulted fromthe transplantation of stocks. For exanple,
the Kooskia stock of the Snake River has been extensively supplemented with

stocks of Colunbia River origin; principally Carson (which in turn was
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derived froma mixture of Snake River and Columbia River fish).
Consequently, the genetic simlarity between the Kooskia and Carson stocks
is very high (0.9997).

If the nethod of estimation is working correctly, it is expected that
the relative precision of the estimates would be consistent with the degree
of genetic difference. Estimates for Rapid River would be nore precise
(have smaller SDs) than those for Kooskia and Carson. This expectation is,
in fact, consistently the case as can be seen in Figures 2a-d and in Table
2.

It is also expected that the relative precision of pooled estimtes
woul d be consistent with the pattern of genetic differences.  CGeographic
groupi ngs, which combine estimtes with high genetic simlarities would
result In reduced SDs.  The precision of the estimates for the Wllanette
stocks is evidence that this is true. SDs for the individual estimtes for
these four stocks average 3.3% over the four blind samples.  Wen the
estimtes are pooled, the average SD for the Wllamette group is only 1.7%

It is noteworthy that the average SDs for the Snake (9.3% and
Bonneville Damto MNary Dam (10.0% groups are nuch larger than that for
the Wllanette group. This difference is in part due to the high genetic
simlarity between Kooskia of the Snake group and Carson of the Bonneville
pool group. Only when the geographic grouping is carried a step further,
and the estimtes for all stocks above Bonneville (including Kooskia and
Carson) are conbined, does the SD becone very small (1.0%. The consistent
pattern of the precision of the estimates in the blind sanple study verify
the reliability of the nethod.

The practicality of a potential application of the method is largely

determned by the nunber of fish to be sanpled fromthe fishery. Sanple
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size requirenents not only affect turnaround time and cost, but also nust
be reasonable relative to the value of the information that is obtained.
Estimating the required sanple size, turnaround time, and cost is therefore
the initial step in using the nethod.

Planning begins with the identification of the stock(s) or group(s) of
stocks in the fishery for which estimtes are needed. The user of these
estimates nust also establish the level of precision that is necessary to
make the managenent decision. A conputer sinmulation of the fishery is then
used to estimate the sanple size that is required.

The size of the sanple that is needed is determned by the anmount of
genetic difference between the stocks to be estinated. Consequent | y
conbined estimates of genetically simlar stocks are often more precise
than those for individual stocks. This can be an effective strategy for
reducing sanple size requirements when the estimation of the conbined
contribution of a group of stocks provides the needed managenment
i nformation. For exanple, Figures 2a-d show that estimates for the
conmbi ned above Bonneville stocks were nore precise than those for the
individual stocks in this group.  Thus, a nuch smaller sanple size is
required for equally precise estimates

Anot her effective neans of decreasing sanple size requirements is to
reduce the conplexity of the baseline. Figure 5 shows the dramatic effect
of a reduced baseline on the precision of the estimates and, hence, sanple
size.  \Were possible, historical or supplenental data can be used to
identify stocks which do not contribute significantly to a fishery and
elimnate them from the baseline data

An increase in the amount of genetic difference that can be detected

can also substantially reduce sanple size requirenments (Mlner et al.
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1980).  This increase result. fromthe addition of discrimnating genetic
loci to the data base and is an ongoing goal of this project.

The results of the time and cost study provide approximte guidelines
for planning applications of the nethod. The tinme and cost schedul es
presented in this report are currently accurate for the present econony and
assumed conditions.  Adjustments in these schedules are necessary under
different conditions.

A maj or conponent of the cost per fish is salaries and overhead.
These costs are directly affected by the number of fish sanpled, the
availability of fish, the nunber of proteins to be assayed, and the
turnaround tine required. These conditions directly determne the nunber
of trained technicians and the anount of overtime hours that are needed.
Because many of the technical activities require skilled workers, the
availability of a large workforce for a short period is a possible
constraint. However, if a longer time interval is permssible, this
constraint is removed and cost per fish can be reduced

Anot her conponent of the cost per fish is the cost of travel and the
shipping of sanples. In the exanple, a 5-hour drive from sanple site to
the lab is assuned. A nore remote sanpling site may significantly add to
these costs.

Simlar adjustnents in turnaround tinme are required under varying
conditions. Factors which nost affect turnaround tine are the availability
of fish at the sanpling site, the tine required to ship sanples to the lab
the nunber of proteins to be assayed, and the availability of experienced
techni ci ans.

The hypothetical application presented in this report provides an

accurate estinmate of the cost ($10.29 per fish) and turnaround time (24
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hours) of using the method to estimate the conposition of a chinook fishery
in the lower Colunbia River for an arbitrarily chosen sanple size of 500
fish.

The data of this report fulfill the dream of biologists of an earlier
generation who anticipated the use of genetic differences anong stocks to
identify the stock conposition of mixed populations (e.g., see Cushing
1956; Ridgway and Kiontz 1960). A though the technical Limtations of this
era precluded achieving this goal, these pioneering efforts gerni nated,
grew, and ultimately matured as a uniquely valuable tool for fisheries
research and managenent. W regard these new capabilities of the genetic
net hod of stock identification as a conplenent to rather than a replacement
of existing nethods of stock identification, such as coded wire tags and
scal e anal yses, which also have unique capabilities,  Nevertheless, the
genetic method opens up new frontiers for research and managenent just as
these other--and now traditional---nmethods did upon their introduction. The
capability for reliable estimates of conponent stocks of mxed populations
exi sts wherever known genetic differences exist among contributing stocks.
Such differences appear to be the rule rather than the exception as nore
detailed data accunulate on stocks of anadromous  sal monids. This
capability is readily transformed into reality once & useable data base is
establ i shed. It is nowtine for research and nanagenent personnel to

become aware of this new capability and to put it to optimal use.
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APPENDI X A

ALLELIC FREQUENCIES OF TEN POLYMORPH C LOC
OF SPRING CH NOOK SALMON FROM 14 HATCHERY STOCKS

(Sanpl e sizes refer to nunber of alleles)



Appendi x Table Al.--Protein:

Adenosi ne deam nase Locus: ADA

S ock Sgimz)lee . A||e|2e frequegci es 4
Vrm Springs 390 0.98 0.02 0.00 0.00
Rapid River 284 0.99 0.01 0.00 0.00
Kooski a 384 0.98 0.02 0. 00 0.00
Round Butte 358 0.99 0.01 0.00 0.00
Carson 392 0.98 0.02 0.00 0.00
Eagle Creek 396 1.00 0.00 0.00 0.00
Little Wite Salnon 400 0. 96 0.04 0.00 0.00
South Santiam 298 1.00 0.00 0.00 0.00
Cakri dge 400 1.00 0.00 0.00 0.00
Kal ama 400 L. 0 0.00 0.00 0.00
Cowlitz 378 0.97 0.03 0.00 0.00
MKenzi e 400 1.00 0.00 0.00 0.00
Leavenwort h 400 0.9 0.05 0.00 0.00
Kl'ickitat 400 0.96 0.04 0.00 0.00



Appendi x Table A2.--Protein: Al cohol dehydrogenase Locus: ADH

Sanpl e Allele frequencies
St ock si ze I Z 3 1
Vrm Springs 394 1.00 0.00 0.00 0.00
Rapid River 390 1.00 0.00 0.00 0.00
Kooski a 390 0.99 0.01 0.00 0.00
Round Butte 386 0.99 0.01 0.00 0.00
Carson 400 0.99 0.01 0.00 0.00
Eagle Creek 394 1.00 0.00 0.00 0.00
Little Wite Sal non 400 1.00 0.00 0.00 0.00
South Santiam 398 1.00 0.00 0.00 0.00
Cakridge 400 0.99 0.01 0.00 0.00
Kal ama 390 0.98 0.02 0.00 0.00
Cowl itz 400 0.96 0.04 0.00 0.00
MKenzi e 400 1.00 0.00 0.00 0.00
Leavenwort h 388 0.96 0. 04 0.00 0.00

Klickitat 400 0.97 0.03 0.00 0.00



Appendi x Table A3.--Protein: dycyl-leucine dipeptidase Locus: G.-1
S ock Sgimza‘lae : A||e|2e frequegci es :
Varm Springs 400 0.99 0.01 0.00 0. 00
Rapid River 392 1.00 0.00 0.00 0.00
Kooski a 400 1.00 0. 00 0.00 0.00
Round Butte 372 1.00 0.00 0.00 0.00
Carson 396 0.99 0.01 0.00 0.00
Eagle Creek 396 1.00 0.00 0.00 0.00
Little Wite Salnon 400 1.00 0.00 0.00 0. 00
South Santiam 394 1.00 0.00 0.00 0.00
Cakri dge 398 1.00 0.00 0.00 0.00
Kal ama 398 0.97 0.03 0.00 0.00
Cowlitz 396 0.98 0.02 0. 00 0.00
MKenzi e 400 1.00 0.00 0.00 0.00
Leavenwort h 398 0.97 0.02 0.00 0.01
Kiickitat 400 1.00 0.00 0.00 0.00



Appendi x Table A4.--Protein: isocitrate dehydrogenase Locus : |IDH

Sanpl e Allele frequencies

Stock Si ze I 2 3 4
Viarm Spri ngs 764 0.83 0.00 0.17 0.00
Rapi d River 784 0.97 0.00 0.03 0.00
Kooski a 800 0.90 0.01 0.09 0.00
Round Butte 764 1100 0.00 0.00 0.00
Car son 800 0.89 0.00 0.11 0.00
Eagle Creek 788 1.00 0.00 0.00 0.00
Little Wite Salnon 796 0.93 0.00 0.07 0.00
South Santiam 788 0.92 0.08 0.00 0.00
Cakri dge 796 0.85 0.13 0.02 0.00
Kal ama 788 0.91 0.09 0.00 0.00
Cowlitz 796 0.95 0.03 0.02 0.00
MKenzi e 800 0. 91 0.09 0.00 0.00
Leavenwort h 788 0.92 0.00 0.08 0.00

Kl'ickitat 800 0.94 0.02 0.04 0.00



Appendi x Table A5.--Protein: Lactate dehydrogenase Locus: LDH4

Sanpl e Allele frequencies
St ock si ze | 2 3 4
Vrm Springs 400 1.00 0.00 0.00 0.00
Rapid River 392 0.99 0.01 0.00 0.00
Kooski a 396 0.98 0. 02 0.00 0.00
Round Butte 384 1.00 0.00 0.00 0.00
Carson 398 0.98 0.02 0.00 0.00
Eagle Creek 396 1.00 0.00 0.00 0.00
Little Wite Sal mon 302 1.00 0.00 0.00 0.00
South Santiam 390 1.00 0.00 0.00 0.00
Cakri dge 386 1.00 0.00 0.00 0.00
Kal ama 400 1.00 0.00 0.00 0.00
Cowl itz 398 1.00 0.00 0.00 0.00
MKenzi e 400 1.00 0.00 0.00 0.00
Leavenwort h 400 1.00 0.00 0.00 0.00
Kii ckit at 400 1.00 0.00 0.00 0.00



Appendi x Table A6.--Protein: Lactate dehydrogenase Locus: LDH5

S ock Sgin%e . Al el; frequengci es .
Vrm Springs 400 1.00 0.00 0.00 0.00
Rapid River 392 1.00 0.00 0.00 0.00
Kooski a 396 1.00 0.00 0.00 0.00
Round Butte 382 0.98 0.02 0.00 0.00
Car son 398 1.00 0.00 0.00 0.00
Eagle Creek 396 1.00 0.00 0.00 0.00
Little Wite Salnmon 400 1.00 0.00 0.00 0.00
South Santiam 390 1.00 0.00 0.00 0.00
Cakri dge 386 1.00 0.00 0.00 0.00
Kal ama 398 1.00 0.00 0.00 0.00
Cowitz 396 0.98 0.02 0.00 0.00
MKenzi e 400 1.00 0.00 0.00 0.00
Leavenworth 400 0.99 0.01 0.00 0.00
Kl'ickitat 398 0.99 0.01 0.00 0.00



Appendi x Table A7.--Protein:

Leucyl -glycyl -glycine tripeptidase Locus:

LGG

Stock Sz;\imzolee . AIIeIze frequen3ci es 4
Varm Springs 398 0.94 0.06 0.00 0.00
Rapid River 378 0.90 0. 10 0.00 0.00
Kooski a 396 0.93 0.07 0.00 0.00
Round Butte 380 0. 96 0.04 0.00 0.00
Carson 380 0.96 0.04 0.00 0.00
Eagl e Creek 386 1.00 0.00 0.00 0.00
Little Wite Sal non 384 0.95 0.05 0.00 0.00
South Santiam 394 0.84 0.16 0.00 0.00
Cakri dge 366 0.85 0.15 0.00 0.00
Kal ama 400 0.97 0.03 0.00 0.00
Cowlitz 396 0.91 0.09 0.00 0.00
MKenzi e 384 0.90 0.10 0.00 0.00
Leavenworth 396 0.97 0.03 0.00 0.00
Kiickitat 396 0.93 0.07 0.00 0.00



Appendi x Table A8.--Protein: Ml ate dehydrogenase Locus: NDH

Sanpl e Allele frequencies

St ock si ze ! 2 3 4
Vrm Springs 800 1.00 0.00 0.00 0.00
Rapi d River 172 1.00 0.00 0.00 0.00
Kooski a 788 0.97 0.03 0.00 0.00
Round Butte 764 1.00 0.00 0.00 0.00
Carson 800 0.89 0.00 0.11 0.00
Eagle Creek 792 1.00 0.00 0.00 0.00
Little Wite Salnmon 800 0.98 0.02 0.00 0.00
South Santiam 752 0.94 0.06 0.00 0.00
Cakri dge 788 0.98 0.02 0.00 0.00
Kal ama 784 0.99 0.01 0.00 0.00
Cowl itz 788 0.99 0.01 0.00 0.00
MKenzi e 800 0.95 0.05 0.00 0.00
Leavenwort h 792 0.99 0.01 0.00 0.00

Klickitat 800 0.98 0.02 0.00 0.00



Appendi x Table A9.--Protein: Phosphomannose isomerase Locus: PM

S ock Sgimza(lae 1 AIIeIZe frequegci es :
Wlarm Springs 400 0.92 0. 08 0.00 0.00
Rapi d River 392 0. 86 0.14 0.00 0.00
Kooski a 398 0.82 0.18 0.00 0.00
Round Butte 378 0.86 0.14 0.00 0.00
Carson 400 0.85 0.15 0.00 0.00
Eagle Creek 390 0.48 0.52 0.00 0.00
Little Wite Salnon 400 0.82 0.18 0. 00 0.00
South Santiam 396 0.55 0.45 0.00 0.00
Cakri dge 400 0.43 0.57 0.00 0.00
Kal ama 396 0.51 0.49 0.00 0.00
Cowlitz 398 0.49 0.50 0.01 0.00
MKenzi e 400 0.45 0.55 0.00 0.00
Leavenworth 400 0.90 0.10 0.00 0.00

Klickitat 400 0.69 0.30 0.01 0.00



Appendi x Table AIQ--Protein: Tetrazolium oxidase Locus: TO

S ock SgimZ)Le , AIIeIZe frequegci es ,
Warm Springs 400 0.49 0.51 0.00 0.00
Rapid River 390 0. 96 0.04 0.00 0.00
Kooski a 400 0.75 0.25 0.00 0.00
Round Butte 382 0.59 0.41 0.00 0.00
Carson 398 0.74 0.26 0.00 0.00
Eagl e Creek 392 0.80 0.20 0.00 0.00
Little Wite Sal mon 394 0.78 0.22 0.00 0.00
South Santiam 396 0.85 0.15 0.00 0.00
Cakri dge 400 0.92 0.08 0.00 0.00
Kal ama 400 0.73 0.27 0.00 0.00
Cowlitz 400 0.61 0.39 0.00 0.00
MKenzi e 400 0. 86 0.14 0.00 0.00
Leavenworth 400 0.69 0.31 0.00 0.00

Klickitat 400 0. 69 0.31 0.00 0.00



APPENDI X B

ESTI MATED PERCENT CONTRI BUTION, STANDARD DEVIATION OF THE
ESTI MATE, AND DI FFERENCE BETWEEN ACTUAL AND ESTI MATED CONTRI BUTI ON
FOR EACH OF FOUR M XED STOCK SAVPLES HAVI NG KNOMN COVPOSI TI ONS



Appendi x Table Bl.

Sanple A
Contribution
Contri but or Actual  Estimated Difference Standard deviation

Stock (14

Rapid River 5.7 1.5 -4.2 2.1
Kooski a 5.7 9.4 3.7 10.9
Leavenwort h 11.4 9.9 -1.5 4.4
Round Butte 0.0 7.0 7.0 5.8
Varm Springs 28.6 21.6 -7.0 4.1
Kl'ickitat 14.3 16.8 2.5 5.5
Little Wite Salnon 0.0 1.5 1.5 7.3
Carson 28.6 26.1 -2.5 9.6
Cakri dge 0.0 0.0 0.0 2.0
MKenzi e 0.0 0.0 0.0 3.2
South Santiam 5.7 6.0 0.3 3.2
Eagle Creek 0.0 0.0 0.0 1.6
Kal ana 0.0 0.0 0.0 1.8
Cowlitz 0.0 0.0 0.0 2.7
Geographic group (5)

Snake 11.4 10.9 -0.5 11.0
Upper Col unbi a 11.9 9.9 -2.0 4.4
Bonnevi | | e Pool 71.5 73.0 1.5 11.8
Wllanmette 5.7 6.0 0.3 0.0
Kal ama/ Cowl i t z 0.0 0.0 0.0 3.2
Geographic group (2)

Above Bonneville 94.3 93.8 -0.5 0.6

Bel ow Bonneville 5.7 6.0 0.3 0.6



Appendi x Tabl e B2.
Sanple B

Contribution
Contri but or Act ual Estimated Difference Standard deviation

Stock (14)

Rapid River 0.0 0.0 0.0 1.9
Kooski a 10.0 2.9 -7.1 7.5
Leavenwort h 5.0 8.6 3.6 3.7
Round Butte 0.0 6.7 6.7 4.5
Vrm Springs 5.0 0.3 -4.7 2.4
Klickitat 15.0 19.8 4.8 6.2
Little Wite Salnon 0.0 1.5 1.5 4.7
Carson 0.0 0.0 0.0 5.9
Cakri dge 10.0 1.5 -2.5 2.6
MKenzi e 15.0 33.4 18.4 5.8
South Santiam 10.0 0.0 -10.0 4.3
Eagle Creek 15.0 6.2 -8.8 2.4
Kal ama 0.0 3.0 3.0 3.0
Cowlitz 15.0 9.9 -5.1 3.8
Geographi ¢ group (5)

Snake 10.0 2.9 -7.1 1.7
Upper Col unbi a 5.0 8.6 3.6 3.7
Bonnevi |l e Pool 20.0 28.3 8.3 10.0
Wllanmette 50.0 47.1 -2.9 0.0
Kal ama/ Cowl i t z 15.0 12.9 -2.1 3.5
Geographi ¢ group (2)

Above Bonneville 35.0 39.8 4.8 1.1
Bel ow Bonneville 65.0 60. 0 -5.0 1.1



Appendi x Tabl e B3.
Sanple C

Contri buti on
Contri but or Actual  Estimated Difference Standard deviation

Stock (14)

Rapid River 30.4 30.0 -0.4 2.5
Kooski a 29.2 25.8 -3.4 7.1
Leavenwort h 0.0 1.3 1.3 2.9
Round Butte 0.0 0.0 0.0 2.8
Vrm Springs 5.8 4.4 -1.4 1.8
Klickitat 0.0 4.8 4.8 3.0
Little Wite Salnon 0.0 0.0 0.0 5.7
Carson 10.3 12.5 2.2 5.7
Cakridge 12.2 6.5 -5.7 1.9
MKenzi e 0.0 0.0 0.0 3.4
South Santiam 0.0 6.4 6.4 2.9
Eagle Creek 0.0 0.0 0.0 1.8
Kal ama 0.0 0.5 0.5 1.9
Cowl itz 12.2 7.8 -4.4 2.1
Geographi c group (5)

Snake 59. 6 55.8 -3.8 1.2
Upper Col unbi a 0.0 1.3 1.3 2.9
Bonnevi |l e Pool 16.1 21.7 5.6 8.3
Wllamette 12.2 12.9 0.7 2.4
Kal ama/ Cowl i t z 12.2 8.3 -3.9 2.2
Geogr aphi ¢ group (2)

Above Bonneville 75.7 78.8 3.1 1.0
Bel ow Bonneville 24. 4 21.2 -3.2 1.0



Appendi x Table B4.
Sanple D

Contri bution
Cont ri but or Actual  Estimated Difference Standard deviation

Stock (14)

Rapid River 5.8 0.0 -5.8 2.3
Kooski a 12.8 17.3 4.5 11.0
Leavenwort h 12.8 4.5 -8.3 5.3
Round Butte 0.0 0.0 0.0 4.7
Vrm Springs 0.0 0.0 0.0 2.0
Klickitat 12. 8 19.3 6.5 1.1
Little Wite Salnon 0.0 2.2 2.2 7.1
Carson 0.0 0.0 0.0 9.8
Cakri dge 12.8 14.3 1.5 3.3
MKenzi e 5.1 16.5 11.4 1.4
South Santiam 12.2 7.3 -4.9 5.5
Eagle Creek 12.8 6. 4 -6.4 2.8
Kal ama 0.0 0.0 0.0 3.5
Cowitz 12.8 12.1 -0.7 4.0
Ceographic group (5)

Snake 18.6 17.3 -1.3 11.4
Upper Col unbi a 12.8 4.5 -8.3 5.3
Bonnevi |l e Pool 12.8 21.5 8.7 10.0
WIllanette 42.9 44.5 1.6 4.5
Kal ama/ Cowl i t z 12.8 12.1 -0.7 3.2
Ceographic group (2)

Above Bonneville 44.2 43.3 -0.9 1.3
Bel ow Bonneville 55.7 56. 6 0.9 1.3



